We discuss the necessity of a separation of quarks and gluons in qqg-three jet events in e+e--annihilation in order to obtain quantitative tests of quantum-chromodynamics.
show that in the reaction e+e-+ ccg (c denotes the charmed quark) in which at least one of the jets is identified through a semileptonic decay to be a quark (or antiquark) jet these questions could be answered.
The paper is organized as follows. In Section II we discuss the kinematics and first order QCD-distributions for three jet events with regard to special properties of the gluon spectra. Section III exploits the information one can obtain in the case that the charmed quark decays semileptonitally and in Section IV we discuss some of the questions that may be encountered in measuring the proposed quantities. Section V summarizes our results.
QUARK AND GLUON SPECTRA IN THE REACTION e+e--t q<g
We consider three-jet-events where the quark (q), antiquark
and gluon (g)-jets have energy fractions x 1' x2 and x 3 b i = 2Ei/& 0 s x. I 1, x1 + x2 + x3 1 = 2) and where the energy fraction of the most energetic jet is less than 1 -s, i.e. max(xl,x2,x3) < 1 -E.~ -.
A first order QCD-calculation7 leads to the following spectra (m q = 0): Fig. 2a ) whereas the quark and gluon energy spectra show a large difference (Fig. 2b) . Probabilities for quarks and gluons to be the T, U or V jets are given in table 1 and the corresponding distributions are displayed in Fig. lb and c. First order QCD predicts that the gluon jets are predominantly soft, giving 65% of the jets in the jet sample of lowest energy (V-jet). This enhancement of the number of gluon jets could be used to extract gluon jet properties from those of the V-jet,'@ but it is necessary to show experimentally whether the enhancement is true. We therefore propose in the next section a possibility to prove that. It will in addition enable us to select kinematic regions where the probability of a jet to be a gluon jet is even stronger enhanced.
III. LEPTON AS QUARK-JET IDENTIFICATION
The production of the leptons associated with a gluon jet is expected to be tiny (O(lO-3)) as will be discussed in the next section, so that in three jet events of the type e+e-+ ccg the semileptonic decay of the charmed quarks could be used to identify quark jets.'l There will exist the rare case that both, the q and 4, decay semileptonically, allowing an isolation of the gluon jet on an event by event basis and a separate measurement of the quantities in (1) -(3) as well as the gluon jet properties. Since this case requires rather large statistics we will in addition consider events where only one semileptonic decay occurs (4 or a>. An identification of the gluon jet could still be possible in this case, using the fact that the decay products of a charmed particle contain a kaon most of the time.
In conjunction with an estimate of kaon-pair production in gluon jets (which we will not do here) this case should be kept in mind as an interesting possibility.
We now turn to the case that all the information we have is just the fact that one of the jets is identified by a lepton to be a quark (or antiquark) jet. Let xl be the energy fraction of this jet (independent of whether it is a quark or an antiquark since the spectra of q and s are identical Just the information that one jet is a quark jet will not allow an isolation of gluon jets on an event by event basis, but will enable us to select kinematic regions where gluon jet probabilities will be enhanced. We define % = max(x2,x3) and xL = min(x2,x3) (remember that xl is the energy fraction of the identified jet). The corresponding distributions are given in Fig. 4 . First order QCD predicts <x,>= 0.79, <%> = 0.47 and a probability of 77% for the gluon to be the x,-jet.
If we furthermore restrict the considered xl-range (e.g., demand that x1 = U(T), which happens to be the case in 38% (45%) of the events) the gluon probability in the slow XL-jet could be enhanced up to 90% (which by the way would not be possible in a model with scalar gluons). Results are summarized in Tables 3 and 4 .
With these numbers checked experimentally one can now determine __ properties of gluon jets, such as multiplicity and transverse momentum distributions.
A. Transverse Momentum
The average pI of a quark jet ( This ensures that each event gets the same weight, regardless of the number of hadrons it contains.
-7-Instead of a separation in % and xL jet, a separation in fat and slim jets might be useful to consider. The fat (slim) jet in an event is that jet which has larger (smaller) <ip,I> averaged over the hadrons in that jet, c/pll> fat(slim) is the average of that quantity over all fat (slim) jets. The p1-distribution of the jets is assumed to be:2
For the mean values one obtains: 
GeV (8) where x is the energy fraction of the jet (x = 2E/&). Again c1 and 6 9 q can be determined either from low energy data or from the multiplicity of the xl-jet, so that a g and B g can be obtained from the multiplicities of the 33' XL-jets. This eliminates only few events, e.g. 10% in changing 6 from 0.2 to 0.3. We repeated the calculations including these two cuts. The minor differences can be inspected in the tables.
In the sense as discussed above, the quantities should be rather insensitive to fragmentation since x 1 + x2 + x3 = 2, in contrast to the case where one only considers longitudinal momenta. Effects of second order QCD leading to separated four jet events are expected to be small in the considered energy range.lg
B. Leptons
The probability for a lepton (e or P) to be produced in a charmed quark jet2' is of the order of 20%. The respective probability in a gluon jet is expected to be order of magnitudes smaller. It can be estimated using e+e--annihilation data at low energy21 (& < 3.6 GeV) since cc-production in a gluon jet below 20 GeV is shown to be tiny.22 It is obvious that the corrections are large in the small x -region, 1 where the cross section is small. Including all the discussed cuts we expect the number of three jet single lepton events (containing c-quarks) to be 1% of all hadronic events.
E. Missing Neutrino Energy
The leptons (e or 11) will be accompanied by neutrinos which escape In our examples we will choose E = 0.1 which should cut off the singularities and force events to have a three-jet structure.
These and related questions are discussed in detail in section IV. B157, 45 (1979) .
Procedures of boosting jets, as done by some groups,l' will in addition not affect these spectra.
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